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Abstract

In the feed back control systems using the P.I.D. controller, it is one of the most
important problems how to adjust the parameters of the controller to the optimal condition
and how to define the criterion of the optimum,.

Many researches have been made for this problem. For example, Ziegler and Nichols
proposed a method to determine the values of parameters of the P.L D. controller under
the assumption that 25% damping cscillation per pericd in the tronsient response of the
control system is optimal experimentally, and Tsokahashi determined the opitmal param-
eters in the serse of minimizing the control arez, which is defined as the time integral
of absolute value of the control error in the indicial responses of the feed back control
systems.

In this paper, the authors propose a method to determine the optimal parameters of
the P.1.D. controller in the sense of minimizing the square integral of the control error
in the feed back control systems, whose controlled objects are described by the first
order equation with dead time. The values of the optimal parameters are computed num-

erically for various values of the perameters of the controlled object and the resulte are
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examined and compared with those of the above-mentioned conventional methods.
The experiments for the indicial responses by means of the model of the temperature
control system using SCR actuator showed good results as expected, and effectiveness of

the proposed method is verified.
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Fig(1): General block diagram of the temperature control system with SCR actuator.
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Fig(1): General block diagram of the temperature control system with SCR actuator.
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DIMELSION E,X,Y,D

<

1
N1=300 N2-=5
H=0,1 EPS=0,0001

" T,TL,HGO,HG,HTO , HT,
HDO ,HD,NG,NT ,ND

0.9 . 11+1 NT
I
{(TI=HI*(J1)+HTO |
)

DO 9 J2=1,NG
S

G=HG* +

DO 9 J3=),ND

[ TD=HD* (J3)+HDY

DO 1 I=1,NL

X{I)=G*(1,0+1)*H/T]

ES=NL*H/T|
ES3=NL*}

N

DO 7 K=1,N2

DO 5 I=1,11

Fig. (3) Flowchart for the numerical computation of the optimal parameters

PID controller. (a)
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D(I)=0.5*ID*(3.0%E(I)
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% A

D(I)=T:*(x(1)-1,0)
/H

<Tr 7>

D{T)=0.5*T D% (3.0%E(1)
-4, 0*F(I~1)+1,0)/H
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Fig. (3) Flow chart for the numerical computation of the optimal parameters of
the PID controller. (b)
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~ l 0.1 f 0.5 1.0 3.0 5.0 { 7.0 ’ 10.0 # 15.0
T | _ | o ‘
G 0. 904 0.513 0. 487 0. 480| 0. 480! 0. 480 0. 479 0. 479
01 T, 0.116 0. 356 0. 650 1. 841 3. 040 4. 236 6. 016‘ 8.990
0.5 G I 3. 667, 1. 048 0.717 0. 533 0.507 0. 498 0.492 0. 487
T; 0. 545 0. 865 1. 124 2.253 3. 432 4.622 6. 417 9. 394
l
G 7.128 1.772 1. 065 0.624 0. 552 0. 526 0.510 0. 497
"o T 1. 081 1.540 1. 7941 2. 840 3. 969 5.133 6. 917 9. 868
f G ; 20. 971 4.712 2. 523; 1.076 0. 799' 0. 687 0. 609 0. 555
&0 J T, }l 3. 220 4. 279 4, 569 5.514 6. 503 7.537 9. 163 12. 000
S S |
¢ 34, 813 7. 659 3. 998| 1. 557 1.078 0. 878 0.734 0. 630
>0 T; 5. 373}I 7.006 7.378 8. 304 9. 233 10. 200, 11.711 14. 415
[ G / 40. 654 10. 606, 5.472 2. 045 1.336 1. 079 0. 869} 0.714
"0 T, 7.516 9.742 10. 182 11.148 12. 039 12. 963 14, 384? 16. 992
| r
G 69. 415{ 15. 031 7. 687 2. 781[ 1. 801 1. 385 1. 079 0. 847
100 T, 10. 679‘ 15. 874J 14. 405 15. 438 16. 227, 17.110 18. 525' 20.914
G 104. 001‘ 22. 400, 11. 384 3. 999’ 2.536 1. 904 1. 440 1. 081
150 T, 16. 091 20. 717 21.532 22. 293I! 23. 340‘ 24. 098 25. 579 27.982
T ’ ’ 0.15 G ’ 11. 522 T, 3.085 ‘

Table. (1): Values of the optimal parameters for the PI controller.

B#EH A8 F ko) B Ml e w293l E(flow-chart)o] & PI&|#525 4/ % 7
FollE o] T2 FolrdlA To=00 = Fow vh o] WEIEA golA HOHBER HEe
Runge kutta & FAY = #4smEe TayloriR B EBS FIAY ).

ol 2N B L EuFE ko ] EHFE kol & Gz olx ISR B
et T(rnin)i]- BIEREH L(min)& &% 0. 1, 0.5, 1.0, 3.0, 5.0, 7. 0, 10.0, 15.02.2 1}3%o]
oIk B G, T, Too RIEE G, Tr, To% Grid search method® = Bz e
R, PI‘EJM%"E"H HIE A= £, PID4IfsE) HE Avdlle RO 2] FY}, =, o
714 HIERe] BagRs /5 E G/kol v

— 210 —




PID&) iz e BidARe] B B (i

L : ! !
0.1 ; G5 .U : 3.0 i 5.0 1 7.0 10.0
. | i {
T o C R e )
G 0. 943 0.557 0.516 0.1 | | 0. 483
0.1 T 0. 097 0.337 0. 633 1.825 | | 6. 07
Tp 0.037 0.120 | 0.144 0.161 | ‘ 0. 168
| | ;
‘ \ ]
G 4.354 1.295 0.849 | 0.587 0.511
0.5 T, 0. 479 0. 830 1.082 ! 2,184 | 6. 345
Tp 0.038 0.197 0.348 | 0. 666 0. 847
1
—— b S : ‘ | : -
G | 8. 647 l 2,303 1.335 | 0.71 ‘ 75 !
1.0 Tr 0.953 | 1. 493 1. 740 2.732 @ 4. 485
Tp | 0.039 ! 0.214 0. 408 0.932 1.261 ‘ 1. 24l
l‘ - —
: ‘
e L 25.838 6. 403 3. 389 1.354 0. 964 0. 807
3.0 T, | 2,852 4.178 4, 498 5. 388 €.293 7.278
Tp | 0.039 0.227 0. 455 1.222 1.83 1 2.352 |
! \ :
T T & B R ; )
G \ 43,022 1 10.516 ! 5. 467 2.032 .357 | 1.075 0.872
5.0 T, | 1777 | 6.837 7. 280 8. 182 9,026 9,922 | 11.316
To ‘ 0. 039 l 0. 230 0. 466 1.310 2,034 | 2,667 | 3.503
TV N ‘ j ( ARS" T 4 P o o
G 60. 218 14.433 | 7,548 | 2.722 | 1.763 | 1.357 | 1.062
7.0 T; 6.710 ¢ 0. 476 1L 049 10,985 | 11.832 | 12.689 | 13. 988
T 0.039 | 0.231 1‘ U470 w‘ 1.331 ‘ 2.137 | 2. 839 | 3.794
G l 85. 985 20.809 | 10. 674 ‘ 3.761 | 2. 380 1.792 1.359
10.0 T, | 9.585 3. 4797 14,226 | 15.248 16. 050 16. 833 18,150
o \ 0.039 0.232 | 0,473 1.384 2.230 | 3. 004 4. 060
b I . < O\ Nt _ N N/ A i
] \’ ‘- ! |
T 2.3 | L 0.15 | G | 15520 T; 2,983 Tp | 0.085
1 | 5
Table(2): Values of the optimal parameters for the PID controller
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L Photo. (1) General view of the Model Plant (P
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Fig. (4) schematic diagram for the pneumatic !
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temperature control system of the M-
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1) Controller output current
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Fig. (5) Schematic diagram of the E/P 10) Fefid back bellows
transducer 11) Coil
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Fig. (6) Schematic diagram of the P/E transducer
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PIDHI#H#RE AT 3%
G=15.52
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Fig. (8) Temperature vs. pneu-
matic pressure.
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Fig. (9) Step responses of the temperature control system. (¢))
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(f) for the nonoptimal parameters of the PI (h) for the optimal parameters of the
controller(negative input). PID controller(negative input).
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Fig. (9) Step responses of the temperature control system. (2)
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Fig. (9) Step responses of the temperature control system. (3)
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Fig. (9) Step responses of the temperature control system. @

otz UTr5 A a®e 200 ¥ 424 Basific] U= A4 Biel %4 #Hahite) g
Q&€ 45 Ao (@), (DE ke 2 T BF Bl oby 2oz s A-RA ©,d) =
9E H v R deiie g

(ii) PID#fHIz Ha A

(g), (b= PIDHIEHEEA lolA slejnle  zte BigEs HEINE A2 Plalggsge] =9
HE e REME FENS o 2UE MOk BSos BALEN 455 o 4A Jeug
A AR BRI A S 2+ A DAA AR W b, Ty ToZ 3HF B Lo
A EHE BENE obd hom BET Avol M MAEREELA o4 —Rio = o 4
= A kerk Aom g UF r@ln Tol Aom RBiime] 9 o = deow &3 Tyt
A& w= Cyclingsl H¥ HEhel Ao J\@itel 2m 2 doba Toob 2 g WEhe] AN pEx
of == u# AW B MNEES EB%e Juun 9o Sul gl ezl gy e

5. W5 M E®

A7 kel A TS WS A RS B A 0 S (RCD, ()] HF o 2B ek
2 oA gk Jjkel AAA o) BEBEY AFAA AEHAR = Zieglersh Nicholse]
25% WMHLE Mo = & BERBMK KT HIAE 3 Takahashi(B DS HEERKS Bz
S MM A KT MBS WERHA 2oz B

— 216 —




PIDFIHS e Skl Wa MR (15)

(1) Zieglerse} Nichols®] FFRATHA
PIfgae] 7 -5 PB=110L/T
T,=3.3L
PID4I4I %< 7 -9 PB=83L/T ] +ereeereeecrmmemseunaiiiiiniiini. veereennes G.D
TIZZL i
Tp=0.5L |
(ii) Takahashie] ZFELfk K
PI4I@%S 4%  PB=110L/T)
7,=3.3L |
PID#ifdz52] A% PB=TTL/T | eeeveeesermmesnneeeaiitiaiitiin it (5.2
7,=2.2L
Tp=0.45L
B (5.1, (5.2 A oF F gSel o]ire] WS il S L/ Tes Ll #at
o w MEAMEA A Lt ems e sk s sl Al Biagel L/ T(PBe As)
we L(T, % Tpo #9503 Esta AJjikel a4l K gdulele 5 G, Ty, Too dhvd

PB( 00/8)

e ——— :The methodsproposed by Ziegler &

N Nichol akahashi . 4
A et )
‘:\\,'

— (@ :The metnod rroposed by
Zlegler & Nichols,

—— @ :The method proposed by
Takahashi .

AN AWAME :The method iroposed by the autnor.

N

Y g
N
N
l\"'
Y

AN :The method proposed by
the author.

o
° 1 2 s s TE 7 4 3 1T 11 12 13 14 15 16 12 3 405 [ 5 9 10 11 12 13 1 15
-— L/T ——— L/gp
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